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OBJECT 


To  awmaerira  sad  review  aerial  combat  statistics  aad  controlled 
drone  firing  tests  in  order  (.0  determine  the  ef factlvenaes  of  smell 
eras  JKI  end  incendiary  aarauaition  et  high  altitudes. 


SUMKART 


At  the  request  o£  the  Aircraft  Cun  Ancon It ion  Blest  end  Incen¬ 
diary  Steering  Committee,  e  research  study  was  conducted  on  the  Ig¬ 
nition  of  aircraft  fuel  by  HE I  and  incendiary  ammunition  at  high 
altitudes. 

The  F6F  drone  tests  conducted  at  the  U.  S,  Havel  Aviation 
Ordnance  Teat  Station,  Chincoteagus ,  Va.,  demonstrated  that  igni¬ 
tion  end  auatained  burning  can  ba  obtained  at  an  altitude  of  34,000 
feet  vith  ell  rounds  tested,  (ctllber  .30  K23,  caliber  .60  T36  end 
T39,  end  20  in  MS6),  except  the  20  na  KJ7,  when  using  115/145  cetane 
gasoline.  This  altitude  rep.esents  the  operating  celling  of  the 
control  aed  photographic  aircraft.  J?-l  fuel  waa  the  most  reelat- 
ant  to  Ignition  of  sustained  fires  and  JP -3  fuel  the  most  vulnerable 
to  ignition  and  propagation  of  fire.  In  addition,  JP-3  fuel  ap¬ 
peared  to  burn  at  a  higher  temperature  than  the  cthsr  two  teat 
fuels,  as  evidenced  by  the  greater  destruction  wrought  by  approxi¬ 
mately  equal  amounts  of  fuel. 

The  B-17  drone  teste,  conducted  at  the  Air  Porca  Armament 
Center,  Eglln  Air  Force  Base,  Florida,  demonat rated  that  caliber 
.50  M23  incendiary  ammunition  is  capable  of  initiating  and  sus¬ 
taining  a  destructive  fuel  fire  et  altitudes  up  to  35,400  feet 
under  multiple -shot  conditions.  Likewise,  it  is  evident  thet  ex¬ 
ternal  purging  of  the  fuel  cell  areas  is  not  effective  in  prevent¬ 
ing  sustained  fires  under  the  same  test  conditions. 
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Trapeze  target  tests  coaducted  at  Kglla  Air  Force  Bata  hava 
•Sown  chat  Ignition  of  auttalaed  flraa  at  high  altltudat  with  In¬ 
cendiary  auajnltlon  la  heavily  dependent  oa  targat  condltloaa. 
Evaluation  of  ammunition  oust  depend  oa  tha  targat  configuration. 
Kowevar,  under  Identical  condltlrma  of  simulated  taata,  It  haa 
baaa  shove  that  asmunltion  containing  zirconium  Incendiary  adz* 
turaa  produced  auatalaad  fuel  flraa  at  i.lzh*1'  altltudaa  than  did 
ammunition  containing  conventional  mixtures. 

A  detailed  atudy  van  aada  of  tha  air-to-air  combat  la  Koran 
by  tha  Inetltute  for  Air  Weapona  Research,  University  of  Chicago. 
The  survey  covered  many  aapecta  of  air  warfare,  auch  aa  aearchlng, 
petitioning,  and  firing  phatea.  It  la  seen  from  thla  atudy  that 
data  obtained  f rod  the  Korean  conflict  confirmed  reaulto  fro* 
World  War  II  atatlatlca,  pointing  to  the  vulnerability  of  aircraft 
to  Incendiary  amunition  at  high  altitude. 

In  combat  film  of  oea -hit  attache  which  reaulted  in  MIG -15 
kill  a,  approximately  one -half  evidenced  uome  burning  phenomena. 
From  theae  data  and  from  combat  altitude  firing  data,  It  la  cer¬ 
tain  that  fire  phenomena  vara  aaaoclatad  with  kills  at  combat 
altitudes  of  over  30,000  feet.  Two  official  awards  have  been 
made  for  MIG  kills,  with  attendant  fire  phenomena,  at  altltudaa 
(reported  by  tha  combat  pilots)  in  excess  of  40,000  feet. 
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INTRODUCTION 


A  recognition  of  the  gravity  of  the  fuel-fire  problea  in  air* 
craft,  together  with  e  consideration  of  the  damaging  potential  of 
(Kill  arms  Incendiary  ammunition  at  high  altitudes,  prompted  the 
Aircraft  Cun  Ansainition  Blast  sad  Incendiary  Steering  Coaoittee  to 
recoamend  an  investigation  into  the  effectiveness  of  small  arms  in¬ 
cendiary  ammunition  at  high  altitudes.  This  investigation  comprised 
an  assessment  of  pertinent  serial  tasca  under  actual  and  simulated 
condition*  and  an  evaluation  of  incendiary  ammunition  under  actual 
combat  conditiona. 

Assessment  was  made  of  pertinent  aerlel  teeta  conducted  at 
the  Air  Force  Armameat  Center,  Eglln  Air  Force  Base,  Florida,  in¬ 
volving  B-17  drons  aircraft  and  trapese  target  firing*,  and  F6F 
drone  firing*  at  the  U.  S.  Naval  Aviation  Ordnance  Teat  Station, 
Chlncoteagua ,  Va. 

A  detailed  atudy  of  the  air-to-air  combat  in  Korea  has  been 
made  by  the  Institute  for  Air  Weapons  Research,  University  of 
Chicago.  This  atudy  involved  the  aaalysls  of  combat  gun  camera 
film  records.  These  film*,  together  with  other  aerial  -onbat  data, 
provided  a  aourc#  of  infentition  from  which  valid  inferences  con¬ 
cerning  the  effect  of  small  arms  incendiary  amcualtlon  can  be  oada. 

Other  parameter*  in  an  analysis  of  the  high  altitude  effective¬ 
ness  of  incendiary  ammunition  ar*  necessarily  involved,  namely, 
laboratory  firing*  (such  as  actual  altitude,  inert  atmosphere,  and 
stratosphere  chamber  tests)  end  the  many  theoretlcel  considerations 
associated  vith  the  fuel-fire  problea  et  high  altitude.  These  and 
other  aspects  of  the  problem  will  be  Included  in  a  comprehensive 
report  of  tha  development  of  small  arm*  incendiary  ammunition  pre¬ 
pared  under  contract  by  Denver  Research  Iastltute,  and  soon  to  ba 
Issued  by  thla  arsenal. 
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TISTS  -  rniAL  FIB INC  AT  MOVING  TARGETS 


Analysis 


Firing*  agalast  aircraft  and  simulated  aircraft  targets  at 
variou*  altituda*  uadar  flight  condition*  hava  baaa  parforaad. 
Thai*  ta*C*  iavolvad  tha  u*a  of  Tit  droaa  aircraft,  B-17  drona 
aircraft,  and  trapaxa  targat*  a*  ta*C  madia.  All  firing*  da* 
scribed  in  thi*  report  war  a  parforaad  during  tha  pariod  1948  to 
1955. 


Taata  at  Haval  Aviation  T*«t  Station,  Chiacotaagua 

Tha  purpoaa  of  F6F  droaa  aircraft  taata,  coaductad  from 
Jua*  1949  to  March  19 e0 ,  wa*  to  lavestlgata  tba  affect  of  fixing 
caliber  .50,  caliber  .50,  and  20  mm  incendiary  ammunition  at  droaa 
aircraft  being  operated  with  three  type*  of  aviation  fuel*  at  al¬ 
titude*  fre=  30,000  to  40,000  feat.  Thia  atudy  Included  tha  trac¬ 
ing  of  caliber  .50  M23  incendiary  (T4S) ,  20  na  HJ7  HEI  (T23),  20  mm 
K96  incendiary,  caliber  .60  T36  Incendiary,  and  caliber  .60  T39  AFI 
asuxialtloa  in  combination  with  each  of  tha  following  type*  of  avia¬ 
tion  fual: 

Octane  gaaollna  115/145  (Spec  AN-F-48) 

Jet  fuel  JP-1  (Spec  A.W-32) 

Jat  fual  JP-3  (Spec  A2-1-58) 

Two  baaic  method*  of  teiti&g  vara  used,  both  employing 
controlled  droaa  aircraft.  Air-to-air  firing  at  a  portion  of  tha 
vi rg  panel  of  the  drona  aircraft  ccetsinlng  fuel  cells  wa*  first 
tried,  followed  by  a  fixed  gun  system  wherein  the  fir lug  weapon 
wa*  counted  in  tba  cockpit  of  tha  droaa  tlrcrsft,  remotely  con¬ 
trolled  and  directed  at  tha  fuel  call  located  la  the  wing  panel. 

The  gun  and  auauualtion  comp  a  recent  a  in  the  s'  'board  and 
port  wing*  of  the  target  drone  aircraft  F6/-5K  were  u»«a  •  store 
the  fuels  taatad.  Tha  first  four  firing*  wore  air-to-air  and  wera 
conducted  from  above  and  astern  at  a  range  of  approximately  200 
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yard*.  Thl*  method  var  abaadoaad  <.a  favor  of  mounting  tha  pre -armed 
gua  la  tha  cockpit  of  tha  droaa  alt  craft.  Tbla  lattar  mat hod  provad 
ao i«  satisfactory. 

The  targat  conditions  ara  daacrlbad  below. 

Alr-to-Alr  Firing.  Approximately  25  galloaa  of  fual  vara 
used,  contained  la  oaa-  aad  five-gallon  can*  aad  placad  la  tha  a  tar  * 
board  wing  gua  aad  aaasuaitloa  coepartmnata.  Tba  dlataaca  froa  tha 
tralllag  adga  of  tha  vtnp  (fuactloa  plata)  to  fual  coatalaara  »nd 
tha  typa  01  materials  uiad  for  tha  coatalaara  vara  aot  atatad  la 
raport.  Tha  number  of  projactllaa  par  flight  varlad  froa  flva  to 
flftaaa  remad*  per  burst  (aultipla  ahota) .  Aa  F CP-5  typa  aircraft, 
with  two  caliber  .50  H2  machine  guaa  parallel  boraalghtad  aad  aouatad 
at  tha  outboard  atatlona,  vaa  uaad  aa  Lha  firing  plane. 

Fixed  Cua  Firing.  Fifteen  and  ona-lulf  galloaa  of  fuel 
vara  uaad  la  a  15  1/2  galloa  teak  (constructed  of  18-gage  galvanized 
steal  sheet)  placed  la  tha  port  vlag  gua  compartment.  Tha  fir  lag 
weapon  vaa  Mounted  .  the  cockpit  of  tne  drone  aircraft  aad  actuated 
by  remote  coatrol.  Tha  number  of  projectllaa  per  flight  varlad  froa 
three  to  six  rouada  par  burst  (oultlple  ahota). 

A  multiple  -ahot  technique  vaa  used  In  all  of  thaea 
tests  aad,  in  view  of  this,  It  vaa  not  possible  to  determine  which 
ehot  caused  lgnitloa  (if  it  occurred)  and  vhat  vouid  happen  if  only 
a  single  ahot  were  fired.  The  results  of  tha  testa  do  Indicate  that 
fires  can  ba  Initiated  by  incendiary  amainltion  at  altitudes  of 
29,400  to  34,000  feat  at  indicated  air  speeds  of  110  to  150  knots, 
and  once  Initiated,  they  c.aa  ba  eustalnad  to  a  damaging  degree. 

Tha  data  reported  are  presented  in  Table  T. 

A  review  of  the  data  shows  that  high  altitude  igni¬ 
tion  and  sustained  burring  can  ba  obtained  with  all  rounds  tested, 
except  the  H27,  whan  using  115/145  octane  geroliee..  JP-l  fuel  was 
the  most  resistant  to  Ignition  of  sustained  fires.  Tha  results  ob¬ 
tained  with  JP-3  fuel  show  chat  It  will  ignite  and  that  sustained 
burning  cam  be  obtaiaed  with  all  rounds  tested  except  the  20  on  M97. 
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Flgur«  1.  B -17  drone  aircraft 


function,  hut  no  f<re  or  eaoke  ««*  obearved  by  the  telsrlelom  cntm 
cad  trailing  fighter  aircraft.  Three  eteotee  after  the  eecond  round 
vat  fired,  a  third  round  wee  fired  into  the  left  labour d  Tohyo  fuel 
cell*,  which  were  externally  purged.  The  round  functioned  and  foal 
vae  ins  to  epray  fron  the  4  in.  x  6  la.  projectile  entry  hole. 
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Thirty  seconds  liter  a  fourth  round  was  firad  Into  tha  tana  call*. 
Thla  round  also  functionad,  but  again  no  fira  or  siaoka  was  aaen.  Ap¬ 
proximately  fiva  minute*  after  tha  fourth  round  vat  firad,  tha  left 
wing  broke  upward  and  tore  away.  Aa  the  ving  tore  away,  tha  remain¬ 
ing  and  of  the  wing  waa  enveloped  in  suoks  and  fira.  The  aircraft 
dropped  into  a  tight  vertical  ipla,  fell  about  5000  feet,  and  wee 
completely  disintegrated  by  a  violent  explosion.  The  telephoto 
camera  in  tha  B-29  photographic  aircraft  waa  oparatlva  for  tha  lest 
fivs-miauts  pariod  and  axaalaatlon  of  the  film  revealed  the  pret¬ 
ence  of  fire  in  the  wing  prior  to  breakup. 

A  review  of  the  1-17  drone  firing  tests  under  Multi¬ 
ple  -shot  conditions  shows  that 

1.  It  is  possible  to  ignite  and  sustain  a  destructive 
fuel  fira  with  callbar  .50  H23  incendiary  a-Tmunltion  at  an  eltltuda 
of  34,500  feet. 


2.  Kxter&al  purging  of  fuel  call  arena  la  *ot  effec- 
ti"«  la  praventing  sustained  firea. 

Trapeze  Target  Tiring  Testa.  Thesa  teata  were  conducted 
at  Eglln  Ai-  Force  base  from  1951  to  1955. 

1.  Caliber  .50  M23  Mult ipla -shot  Firing  Teata  -  Tha 
purpose  of  these  tests  was  to  avaluata  the  effectivenesa  of  caliber 
.50  M23  incendiary  ammunition  under  flight  conditions.  This  ammuni¬ 
tion  was  fired  into  both  purgtd  and  unpurged  tanka  containing  Jet 
fuel.  The  target  used  (Figure  2)  consisted  of  a  165-gallon  F-80 
type  via*  tip  fuel  tank,  modified  to  simulate  structural  character¬ 
istics  found  in  aircraft.  A  40-gallon,  B-25  auxiliary  aelf-aeallng 
fuel  cell  with  a  0,072  Inch  thick  covering  of  dural  was  located 
within  the  tar.k.  A  backing  board  of  fiberglaa  waa  interposed  be¬ 
tween  the  fuel  call  and  ths  dural.  The  nose  of  the  tank  (0.064 
inch  dural)  served  aa  the  functioning  plete  for  the  ammunition. 
Stand-off  distances  from  function  plate  to  fuel  varied  between  20 
and  28  inches.  The  results  of  thssa  tests,  which  are  reported  in 
Table  II,  indicate  that  f lar.h  fires  can  be  obtained  in  vapor-filled 
cc-apartments  by  incendiary  waaunition  at  altitudes  up  to  15,000 
feet.  la  all  known  cases,  sccordlag  to  Eglin  Air  Force  Btse  data. 
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N«g.  #30462 
R-1392 


figure  2.  Schematic  diagram  of  trapoae  target 

w'uea  a  rouad  eatered  the  vapor  arat  above  tha  fual  laval  aad  wham 
thara  vat  so  pravloua  fuel  leakage,  there  vat  a o  avldaaca  of  a  flaah 
flra.  However,  vhare  a  rouad  had  cauted  fuel  leakage,  tha  follovlag 
rouad  gava  avldaaca  of  ceuaiag  flath  firei  at  recorded  by  «a  lacraaaa 
la  the  cavity  tarsperatura.  Tha  oae  auatalaed  flra  at  15,000  feat  re* 
aultad  fro*  a  leakage  of  fual  la  flrlag  a  pravloua  rouad. 

2.  20  w»  flrlag  Teeta  -  The  purpose  of  thcaa  teata  vaa 

to  evaluate  tha  affectivaaaea  of  20  mb  K97  EE  I  aad  20  m  K96  la- 
cwadlary  ai munition  ueder  flight  coadttioaa.  Tha  target  uaad 
(figure  2)  vaa  tha  tana  aa  Chat  detcribad  for  caliber  .50  K23  an- 
puaitlom  la  rultlple-ahot  flrlag  teata.  The  22*  altitude  ehcva  la 
figure  2  vae  changed  to  6*  to  lature  eacualtloa  inpact  belov  fual 
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level.  The  reeulte  era  reported  la  Table  11,  examination  of  which 
»hov»  that  sustained  flrea  caa  be  obtalaad  up  to  24,980  feat  with  a 
•Ingle  round  cf  20  ea  H96  incendiary  aanualtloa.  Good  Incendiary 
functioning  of  the  *06  aanualtloa  was  noted  both  at  entry  and  exit 
hole*.  Single-shot  auatalaad  flrea  were  obtained  at  altltudea  of 
15,000,  15,050,  and  2A.S80  feet. 

Frca  the  limited  fir  lag  a  made  with  the  20  on  M97  HZ  I 
asaiualtloa,  It  waa  evident  that  the  H505  fuze  vae  too  quick  la  action 
and  chat  the  functioning  dlatance  of  20  to  28  lachea  (the  dlatance 
between  the  point  of  entry  Into  the  target  and  the  fuel  cell  wall) 
defeated  the  ability  of  the  round  to  cauae  flrea  under  the  condi- 
tlona  of  the  teat. 

3.  Caliber  .50  K23  Single-shot  Fixing  Teata  -  Thla  In¬ 
vestigation  of  aircraft  fuel  flree  waa  conducted  to  determine  the 
maxima  altitude  under  flight  condition#  at  which  flrea  could  be 
Initiated  by  firing  aingln-shot  service,  caliber  .50,  H23  Incen¬ 
diary  amrunitlon  Into  a  target  alzeilatlmg  the  conatructlon  of  a 
wing  fuel  call.  The  target  (Figures  3  and  4)  waa  alollar  to  that 
presented  to  a  bomber  tail  defense  shot  against  an  opposing  fighter 
attacking  from  the  alx  o'clock  position.  The  target  waa  suspended 
below  the  rear  bomb  bay  of  a  B-29  aircraft. 

Prior  to  flight  tests  at  altitude,  ground  firings 
were  conducted  against  the  target  la  order  to  obtele  maxima  func¬ 
tioning  effectiveness  of  the  annua lc icm.  Various  adjustments  In 
Junction  plate,  thickness,  and  angles  *•.*•  required  prior  to  final 
target  design. 


Fifteen  serial  firing  missions  were  flown,  during 
which  the  target  sustr.laed  good  nice  at  pressure  altitudes  varying 
from  9500  to  25,200  feet,  sad  at  indicated  air  speeds.  The  results 
of  theae  aingle-ahot  firing  missions  are  presented  in  Table  III. 

These  tests  show  that  sustained  fires  were  obtained 
up  to  an  altitude  of  20.S00  feet,  and  above  that  altitude  flesh  fires 
were  obtained  up  to  25,200  feet.  Damage  by  fire  was  greater  at  the 
10,000-foot  level  chan  at  higher  altitudes.  Film  assessment  disclosed 
a  definite  relationship  between  the  intensity  of  the  fire,  length  of 
flames  trailing  tbe  target,  and  the  altitude  at  vbicb  the  aircraft 
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vii  flown.  Inapectlon  of  tbs  target  after  each  mission  revealed  ap¬ 
proximately  the  same  rivet  failures  which  permitted  air  of  unknovn 
velocities  to  circulate  within  the  target  after  projectile  Impact. 

Subsequently,  this  type  target  was  strengthened  to 
ellmirate  rivet  failures  and  other  structural  weaknesses.  The  fol¬ 
lowing  types  of  aneunition  vers  then  fired  single-shot  against  the 
target: 

1.  Caliber  .50  N23  incendiary  (standard). 

2.  Caliber  .50  H23  incendiary  containing  10  grains 
(nose  mix)  1M-163  and  94  grains  (body  nix)  IM-162. 
(Both  of  these  mixes  contain  sirconlum.) 
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3.  Cal tb«r  .50  H8  API  (afaadard). 

4.  Caliber  .50  M20  APIT  containing  01-163. 

5.  20  tm  M97A1  131  with  K505  fuaa. 

A  total  of  37  aingla-shot  aarlal  fir lag  missions  at 
dssslty  altltudas*  from  10,900  to  27,700  faat  was  flown  and  tha  ra- 
rulta  art  recordsd  la  Tabla  IT.  Thay  iadicata  that  auatalaad  flraa, 
with  tha  type  of  taie«l  employed,  caaaot  ha  produced  (a)  with  caliber 
.50  H23  lace-.dlary  aarvlce  aanuaitioa  containing  standard  mix  (m-28) 
at  danalty  altitudes  above  22,600  faat,  (b)  with  caliber  .50  H23  in¬ 
cendiary  aotxtaitlon  containing  zirconium  mixtures  at  denalty  altitudes 
above  25,400  feet,  or  (c)  with  20  bob  H9M1  aaauaitloa  with  tha  H505 
fuza  at  density  altitude*  above  15,000  feat.  No  sustaiaad  fires  could 
be  initiated  with  caliber  .50  M2Q  APIT  aramjaitlon  containing  a  zir¬ 
conium  mixture  at  deaiity  altitude*  of  17,700,  20,600,  aad  22,fcC0 
feet,  or  with  caliber  .50  M8  API  service  i— in  It  Ion  at  deaaity  nltl- 
tuda*  of  21,300  or  23,400  feat. 

Fir  lag  projectile*  lato  tha  reeding  edge  of  the  target 
did  aot  provide  am  optimum  conditio*  for  Initiating  aad  sustaining  a 
fuel  fire.  Dua  to  target  structural  damage,  tha  volume  aad  velocity 
of  air  flow  through  the  structure  immediately  following  the  projec¬ 
tile  burst  created  a  ram-air  fiesta  blowout  effect  so  that  some  flrea 
that  night  have  been  sustained  were  quickly  extiaguiahed.  This  con¬ 
dition  was  sacra  prevalent  with  the  20  mn  ammunition,  due  probably  to 
tha  larger  eatry  hole. 

4.  Test  of  Special  Navy  Rod  Arwunition  at  High  Altitudes  - 
This  test  was  conducted  to  deteralas  the  ef fectlveaess  of  special  Navy 
Rod  projectile*  la  laitiatieg  fuel  fire*  at  high  altitudes.  These 
reds  vers  designed  for  guided  misai1*  war  head  uat  and  were  made  of 
ome  piece  of  steal  with  an  approximate  weight  of  97  grain*.  The  tar¬ 
get  used  (Figures  3  aad  4)  was  the  sane  ac  that  described  in  the 
previous  test  except  that  the  fuel  cell  was  filled  with  approximately 
35  gallons  of  JP-4  fuel. 


*I>easity  altitude  is  the  pressure  altitude  corrected  for  temperature 
variation  at  flight  level. 
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(60 

-4.« 

• 

M  lltl 

17.9) 

13.19 

70 

<7,700 

<9,  *00 

Itl 

-4,0 

• 

H  HI, 

1500 

IJ.H 

Ctlilrr  .50 

44  Aft  Itrvttf 

7« 

>5,200 

10,500 

it? 

M 

flaai 

•  •  •  • 

to  lift  • 

•  •  .  a 

7« 

•1,700 

14,  WO 

D) 

1.0 

• 

•  •  •  • 

•  tolata  - 

a  •  •  a 

It  99  *77.1 

•/•79J  1* 

M 

77 

14,100 

*7,  <7« 

D) 

-17.9 

r  Im* 

•tt 

<1.37 

Ml 

V 

10,000 

<7,W9 

lb 

0.0 

• 

M  till 

<3.19 

<3.70 

77 

11,000 

<7,759 

lit 

3.9 

• 

i 

16.70 

I3.X 

77 

13,000 

»5i»0 

it) 

7.9 

IllllUII 

10 

14.00 

17.79 

77 

l*,90* 

<7,909 

17* 

•4,4 

riitf 

to  fill 

II. CO 

14.94 

flat  Utl  II  *H)  NH  li  KMUM  AM,  li  tf  17,  t*4l 

111  2AI  5C-II79  U  kltiliM  tff.  14  It  >7,  Lift 

•Oratftf  altltHa  IIh  if  flrtnf,  fi,IOO  ft 

••firjH  jtftlaaM  »<1if  <iri»|  >»•««»•  HiNtin  illMtUi  i<  tarfil  »M  trapa*  iniUI  a  Wurl, 
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NIk*  alngla-ahot  firiag  Biailoa*  war*  flown  aad  tha 
result*' ,  vMcb  *r*  recorded  la  Table  V,  ahow  that  th*  target  aua- 
talaed  good  hit*  at  danaity  altitude*  varying  from  10,000  to  3C,200 
feet.  Only  caa  auacaincd  fire  vaa  obtalaed  aad  thla  va*  aot  da  - 
teralaed  uatll  the  aircraft  had  descended  from  aa  altitude  of  15,000 
to  9000  feet,  vhea  a  wall  developed  fir*  became  vlalbla.  Thee*  ra- 
•ulta  ahow  Chat  Chi a  apeclal  projuctll*  waa  not  reliable  la  lnltlat- 
lag  auataiaed  fire*  at  the  aforementioned  altitude*  under  the  condl- 
tloma  of  th*  teat. 


TlMt  V.  Airtel  billion  Sill  *.i  Special  hevy  Red  Annunitian 


Id  iilaa 

•O  * 

Oiniltjr 

Altitude 

1") 

Air 

r««p 

CO 

Indlcata* 

Air  Still 

_i'  -'ll— 

17* 

laronatrlc 

frail uri 

(In.  Kg) 

Typt  1  r# 

1 

l},ooo 

1.0 

at  data 

Suatal.ia*,  tat  111  not  teooM 

2 

28,600 

-21.0 

156 

«i  data 

vliltit  intll  atout  9000- ft 
pruiure  altituda  an  daicant  of 

aircraft  ta  flail 

Flath  tf  1.2  aac  laratlen 

J 

30,000 

-25.0 

155 

9.6l 

f lath  of  1.2  aac  laratlen 

4 

25,000 

-i6.o 

15* 

10.08 

Flea*!  of  1.2  lac  duration 

5 

30,000 

-23.0 

156 

9.10 

Flail!  of  1.2  itc  duration 

6 

30,000 

-2<.0 

155 

9.'5 

Fiii*i  of  1.2  aac  duration 

7 

30, ’00 

-27.5 

156 

8.90 

Flaah  1.2  etc  duration 

a 

15,000 

2.0 

160 

1705 

Jpetmodlc  of  28.0  aac  luratlon 

9 

10,000 

6.0 

164 

20.15 

SpamodlC  tf  6.0  itc  luratlon 

Summary 

The  B-17  and  F&7  drone  firing  teat*  ahow  dearly  the  poaalbillty 
of  auatainad  fire*  at  34,500  feet,  where**  remit*  frou  later  trapeze 
target  firing  teat*  ahow  the  abaeace  of  auataiaed  fire  above  24,980 
feet  with  identical  type*  of  ammunition.  It  can  be  inferred  that 
thla  difference  1*  a  function  of  target  configuration  and  air  apead 
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rather  thaa  aau»j*ltlo*  type  or  coapoiitiow  of  the  iacwadiary  wlxtur*. 
However ,  give*  id«*tic*l  conditio**,  it  h«*  bee*  (how*  tint  «aau*l- 
tio*  co*t*imi»g  zirconium  l*cendi*ry  Btixture*  produced  luttaiaed 
fuel  fir**  «t  alightly  bighur  *ltitud*»  the*  amuaitio*  coatalaieg 
co»v«*tic»*l  i*c**di*ry  eixturea. 

A*  additioaal  **t1**  of  teato  will  b*  co»duct*d  at  Kglla  Air 
Fore*  Ba«*.  Th*  t**t*  will  be  sals  with  a  srw  typ*  target  (Figure  5) 
iuipeaded  belov  th*  wi*g  of  the  B-50  aircraft  (Figure  6)  20  that  tha 
wai«t  gua  caa  be  u*ed  to  fir*  at  the  trail lag  edge  of  the  target. 
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AERIAL  COMBAT  FIRING  RECORDS 


Analysis 

Thi(  section  deals  mainly  with  aa  analysis  of  coaJbat  firing 
record*  obtaiaed  from  the  Ror« aa  conflict.  Soma  data  ara  avail¬ 
able  from  World  Wara  1  and  II  buL  thla  material  doea  aot  ralata 
too  veil  to  preaeat  aircraft. 

Recorda  of  aerial  combat  la  Europe  durlag  World  War  II  coa- 
tallied  data  oa  the  ef fectlveneaa  of  the  varloua  caliber  .50  Incen¬ 
diary  and  API  aaxoialtloa  at  relatively  high  altltudea. 

Some  of  the  data,  aa  outllaed  la  Office,  Chief  of  Ordnaace 
report  entitled  "Record  of  Army  Ordaaace  Reaearch  aad  Developmeat ," 
are  preaeated  la  Table  VI,  and  aa  aaalyala  of  theae  data  abova  that 
all  of  the  reported  combat  took  place  at  altltudea  over  15,000  feet 
aad  the  evldeace  clearly  ahova  fire  kllla  at  altltudea  of  30,000 
feet.  It  Bust  be  kept  la  mind  that  (a)  the  aircraft  apeeda  durlag 
thla  period  were  la  the  range  of  200  to  300  mllea  per  hour,  (b)  air¬ 
craft  were  ualmg  high-octane  gasoline  (similar  to  JP-3),  (c)  air 
frame  construction  vaa  uaually  such  leaa  aturdy  than  that  of  prea- 
enc  aircraft,  aad  (d)  the  number  of  atrlkea  (rounds  Impacting  oa 
the  target)  vaa  uadoubtedly  higher  than  la  preaeat  cosbat. 

Data  obtaiaed  from  the  Korean  coafllct  concerning  the  vulner¬ 
ability  of  aircraft  to  lBcendiary  anuunitlon  at  high  altltudea  con¬ 
firmed  reeulta  from  World  War  1.. 

A  detailed  atudy  vaa  made  of  the  air-to-air  war  la  Korea  by 
the  Irslicut#  for  Air  Weapon#  Reaearch,  Univeralty  rf  Chicago.  Be¬ 
cause  of  the  laporcaace  of  auch  data  to  tha  Inatltute,  the  Cotbat 
Analysts  Group  vaa  organized  within  It  for  the  atudy  of  the  Korean 
aerial  coobat  films. 

On  17  Janrary  1957.,  Air  Force  Regulations  95-13  set  forth  tha 
purpose  and  func  <on  f  th*  group  by  stating  that  "the  Combat 
Analyaia  Group  ,1  ~  wide  scientific  assessment  of  all  annameat 
racordlag  photography.  Data  reaultlag  from  these  studies  will  be 
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utilised  is  futura  oparatloaal  plaaaiag  ud  tb«  aitabllahaeat  of 
tread*  la  Air  Force  raaaarch  aad  derelopaeat  la  the  flalda  of  weapoa 
effectivaaei*  aad  aircraft  vulaarability  " 


T»kli  «.  Mult*  of  23  Cortit  Unioni  C*l 1 07 lag  t*>*  fl6  (as)  At X  Ittllrl 
firing  lorlf  Hr  II 

(Tikin  fro*  Kocorf  of  lr*j  Orfninrt  Imirck  snf  Hnlor*t«t*) 


9itf 

ko.  of 

Of 

Itoinfl 

imgi 

Altttll* 

Hull* 

flrif 

(f«) 

(ft) 

tin* 

5  Oct  4) 

560 

250-150 

16,000 

1  •*••7  ilrcrift  fntroyoi 

tfrlkti  •*-*  ml  t  jr  noon  on  101*7  ilrcrift  InffllCII  ton  loo*  to  foil  off  (ftlot  >•* 
111**!  ornor-florclng  guilty  iffocttll)* 

(  Oct  4)  66}  150-200  19,000-25,000  2  w  1091  fntnyif  o*f  I  f •*•»♦! 


AMunltlon  it  ry  offictln;  kotk  too*;  ilrcrift  fntroyif  ciogkt  flro;  otrikoo  full;  •»*« 

8  oet  45  165  150-200  24,000-25,000  I  imwj  ilrcrift,  yroliklo 

Im  joif  itrlkii  foroorf  of  cockylt;  i!m  hi  laoko  inf  ylicn  fill  fro*  0*0*7  ilrcrift; 

•  munition  imklil  pilot  to  oil  tori  itrlkii 


8  Oet  45  841  150-200  21, coo-25, 000  I  it  109  4  lit  no;  rt 

Anianltlon  lonirtor;  pilot  no  moki  inf  plicn  fill  off  <km  <mij  ilrcrift  mi  kit; 
itrlkii  mil/  in* 

8  Oct  4}  |$0  1000-1500  18,000  ken* 

k*  itrlkii  okiiritf;  n*  conwnti 

4  Oct  4}  1495  900  or  III!  20,000-22,000  9  it  IICi  ftitrejroi 

Aklimtly  tki  imumltlo*  flf  tki  uni  itoint  of  fitogi  11  rrgtlir  osainltlon,  kit  It  toll 
non  of  tki  itrlkii  ililkli  tkin  Ion  rigilir  ••■onltloi 


» 


Stitinrti  riprnmt  pilot*!  ri*irki. 
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mi*  VT.  »f  20  Oltolt  Mllltial  (**)«;1*)  tki  T’6  (MS)  «II  B«  II  fr« 

4*r!*g  torll  tor  JI  (Out1*) 


t*t* 

to.  »! 

*f 

Mml* 

(mg* 

iltitn* 

Millie* 

firal 

1HL 

_J2iU 

Clti< 

H  HI  0 

96> 

*50-75 

25,000 

1  PI  tty  Jiltrt/i  Jf  Ml  1  luifil 

1**7  lrunCu-T  ilrtln  «»ri  iliirnl  it  trek  il «|  *f  m  17  re!!]*  ■«*  It*  tlitt 

•  *••  tkaii  kit*  »*r*  *k*ari«4  ml  n  kit*  nr*  *•*«  t*  t  -  f*. *i.g«,  I  eltlMl  tkl*  *lr;r.ft 

liitfi*.  Tk*  lie***  114*7  »lrc.*»ft  I  eliinl  (tilrtjif.  I  ••«  f (7 Irvg  toil  *«t*r*  «tr*l|kt 

iH  I c»* I  ml  t*»k  ■  u«a»l  k*.**t  ».*  I*li.  I .»»»  Mny  incmllwy  Mt*  COlirlig  tk*  f*«*l*|* 

fr»*  ar^!**  t*  till.  Ik*  «l~::»ft  laawnt#!)  digit  Mr*  *nl  .  •>*»  ineklnj.  ]  >*1t*<  17 

*•  I  *»»r  tk*  *r**7  *l.*cr«ft.  It  till****,  Calling  *)  **.,>  t*  r#Ck.  I  MtlClf 

•  klti  ml  lark  ml*  rlilrg  «•  lack  ill*  tl  h  11  1  r*l*lt  if  tki  tifltolm.  Tkl*  1*  »il- 

Imtl7  aarg  iffidla*  **»viitlin  ml  I  racanaanl  It  y»rj  klf k I7. 

IS  |*|  4)  >S  Viry  great  25,000-24,000  tod* 

to 

10  Oct  4)  J10  |k«rt  25,000  MM 

to  OTM«nt 

loact  4)  770  450-50  it, 000  I  n  190  i**tr*7*4 

*•  all  kill  an  atilkl*  ml  ;t  n;*ari  tkit  tk*  liciml*r7  «ffict  li  acr*  *l*l«<it  ml  <**tr*o> 
tly*  1*  tkat  It  imitratt*  ♦«  tk*  nr*  »«lni,*a*l*  laetUni  #f  tk*  *<1**7  »lrcr*tt  1*  tk*  la- 
t*rlcr,  HI  am^nlt lm  1*  lie*  tofirler  t*  >r*iart  iMunltlen  In  th«;  It  In*  ketk  toadr.ctlv* 
ml  lacmlUr7  :kiract#".»t lei.  Migviit  tkit  tnl*  munition  k«  gl**n  tk*  Mgh*»t  grlirftf 
ntlag  la  •  *«rlaii  *tt*tot  It  *ktita  it  far  ill  figktir  ilrcraft. 

IO0d4J  7»  I JC— £00  24,0-00  tlaiigil 

Strlkn  nan;  a*  tl*«  to  net*  affect 

10  Oct  45  J2I  J50  I/, 000  I  ME  110,  grok ik I* 

TMi  amuMtlm  I*  *•  goal  ••  erli**,'7  hr  ml  I  mnenltlen;  aoula  Ilk*  to  i*a  all  gun*  ltil*l 
altk  tkli  laaanltlta 

25  Oct  45  1000  550  »r  l**l  18,000  I  m  190  4*ltn>7*l 


toall  Ilk*  tM*  mavnlttm  In  et!  g-na,  III  klti  i^i  itrlkn  ml  In  tkl*  can  *♦  tack  krrit 
*oa«tM*g  :•»*  iff  t  *r#«7  ilrcraft. 
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T»**l  VI.  Raaultt  «f  20  Coahat  kl  atlona  [■ploying  th*  TlS  (k6)  API  l«IUt 
Aar tng  tori*  Itr  II  (Cont’l) 


lata 

•a.  of 

of 

laanft 

•mg* 

AltltuA* 

irt salon 

Mr*A 

iliL 

(Ml 

Cilia 

22  Oct  AJ 

222 

100-75 

29,000 

1  k{  109  AaatrayaA 

I  *•(  atrfkaa  «t  th*  ting  root,  tull  flaah,  A  aoaaat  lotor  I  too  the  ahlt*  aaokt  fraa 
tko  Praatana  burning,  (Inca  thl«  tta  til#  flrat  antny  aircraft  I  k**t  flral  it.  I  cannot  aay 
•  Hat Aar  t»l»  anaunltlon  la  any  lattar  tkan  *r  not  aa  goo*  aa  atAar  aanwiltlo*. 

2J  Oct  AJ  }29  3 00- >00  15,000  I  tnaay  aircraft  AtttroytR 

Aaa*  naacr  ahot  alrplana  Aoan  bafara,  but  cannot  contain  cf  raaulti  In  tkla  caaa.  Man* 
lit  *p  altb  f  1  a *r •  a  fron  atrlhaa  an*  placaa  c m  off  gait*  toon. 

a 

27  lap  A)  fA7  .  >0,000  2  W  103*  AaatrcyaA 

botA  aircraft  aar*  Alt  on  right  ala*  of  fuaataga  raar  tha  top.  A  largar  flaak  of  lncanAlarjr 
■a*  nota*  ta*«  naval,  kit*  aar*  alaarvaA  along  th*  fuaalaga  fron  front  to  raar.  kail  aatla- 


flat  altb 

Ik*  API  annunltlan 

27  »*»  A5 

2JJ  AC0-250 

25,000 

kona,  panting  flla 

kona.  a* 

abaaraatlona  aaOa 

27  sop  A3 

J70  A  00250 

22,000 

1  k[  109  taatroyaP 

Opana*  fir*  fron  l>*  CaMactlon  to  Aaal  attorn  on  th*  aaa*  lawl  alth  th*  targat.  no?! cat 
■  any  Ircanllary  flithai  coaarlrg  tha  aircraft.  At  I  ink*  tt.y,  a  larga  'lr*  brokt  out  aa 
tha  I  a  ft  alng  root.  T  r*  conunl  thl*  typa  aaaunltlon  vary  highly, 

27»*pA>  759  900-£00  JI.OOC^J.OOO  I  «  109  Anatroyal 

TMt  aaaurltlan  ahoat  up  atrlkaa  a  grant  1**1  battar  ana  at  aicattlva  rang.*;  th*  affact  *f 
thla  aaacnltlia  at  aictaaln*  rang*  an*  llth  ft*  guna  firing  tta  atry  goo*. 

10  Oct  A)  lit  -  2J,000  I  kC  109  a*»troy*4 


ko  atoppagaa  an  thla  alttlon 
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Trom  aaalytla  of  these  films  fro*  gua  cutrti  of  flghtmr  type 
aircraft,  Chm  Iaatltuta  for  Air  Veapoas  Research  mm a  mbit  to  obtmlm 
raage  aad  aagular  pcsitioa  leforaatiom,  at  mail  ma  bmmk  magics  aad 
ala  polmt  waadar  mad,  of  cwuraa,  avldaaca  of  flra  pbeaotsaaa.  Tha 
f  11a  baa  lta  ll*<ltatloaa ,  howavar.  Dua  to  marlal  combat  amaauvar- 
ablllty  mad  tha  aatura  of  tha  ccaara  lastailatioa,  blta  could  ba 
acorad  oa  tha  targat  mad  kllla  obtalaad  while  tba  tmrgat  KIC  vaa  out* 
alda  tba  flald  of  via*  of  tba  caaara.  Structural  daaaga  or  aooVa , 
or  avea  flava,  night  occur  aftar  tba  camera  caaaad  to  oparato.  Tbla 
lap  11a a  that  tba  fll*  records  aloaa  <-*a  sever  ba  uaad  to  atata  cate¬ 
gorically  that  a  kill  c*ld  aot  occur. 

for  stuulea  la  aucb  flalda  aa  valaerablllty,  firm  control,  aad 
tactics,  tha  altltuda  of  tba  eagageoeat  la  Imporhaat.  This  caaaot 
usaally  ba  obtalaad  froa  film.  Addltloaal  records  ara  requisite, 
aucb  aa  tha  pilot 'a  Supplameatary  Covbat  Iaforaadoa  Report  (SCH) . 
Uafortuiately,  thaaa  raporti  vara  aot  aubuittad  aa  fre<^ieatly  ao 
tba  Iaatltuta  for  Alt  Veapoas  Research  daalrad.  Tba  Iaatltuta  baa 
raporta  for  oaly  about  65  per  coat  off  tba  aortlaa  batvaaa  March  1S53 
aad  tba  aad  of  tba  war.  Hovaver,  tba  available  SCI&a,  la  coajuac- 
tloa  vith  coubat  film  records  establish  a  aourca  of  rofaraaca,  aad 
valid  lefereacaa  dilative  to  coabat  altltuda  say  ba  as da  vlthla 
llmltatloaa. 

Tbo  oparatioat  la  Korea,  aaalyaed  by  tba  laatltuta  of  Air 
Waap««?  Research  durlag  tha  porlod  June  1952  to  July  1953,  covarad 
a  total  of  46,000  aortlaa  aad  tha  axpaaditura  of  tbraa  nil Horn 
rouada  of  avail  area  aaauaitloa.  Tba  study  covarad  tbo  aorlal  cov- 
bat  batvaaa  the  f -86  Sabre  Jat  aad  tba  Ruaalaa  MIG -15,  Tba  aurvay 
covered  May  aapacta  of  air  varfaro,  much  a a  tba  aaarchlag,  poaltloa* 
lag,  aad  fir  lag  pbaaas. 

A  coasparieoa  of  flrepovar  of  tha  F-86  aad  MIC -15  follows. 
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F-86 

VTO 

-15 

Caliber  .50 

23  ses 

37  mm 

Number  of  guns 

6 

2 

1 

Firing  rate  (rouad/asc) 

105 

27 

7 

Tiiae  of  fire  (sec) 

17 

6 

6 

Projectile  weight  (lb) 

0.093 

0.44 

1.64 

Muzxlo  velocity  (f/s) 

2780 

2250 

2250 

The  ratio  of  kill  perfonaeaca  for  the  F-86  Sabre  Jet  to  that 
for  the  MIC -15  haa  beae  reported  at  13.7  to  1  during  the  period 
June  1952  to  July  1953.  This  kill  ratio  la  not  represantati/a  of 
relative  aircraft  effactlvnnese ,  since  euch  of  th>.  fighting  waa 
done  near  the  Talu  liver,  requiring  a  such  longer  search  phase  for 
the  F-86. 


The  reported  altitudes  at  vhlch  combat  took  place  (and  these 
mat  be  approximations  due  to  rapid  change  in  altitude  under  con- 
bat  conditions)  were  as  follows: 


firing  Altitude 

_ Lf0 . 


Total 

SagageaMats 
_ _ 


40,000  to  50,000  51 

30, COO  to  40,000  20 

20,000  to  30,000  4 

10,000  to  20,000  11 

0  to  10,000  14 


Cased  on  coobat  films,  opening  ranges  for  all  passes  averaged 
2900  feet,  and  passes  in  which  hits  vera  observed  on  fila  averaged 
approximately  1300  feet.  Moat  of  the  attacka  lasted  from  thres  to 
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envea  mlnotae ,  with  a  rapid  fail -off  la  tha  frequency  of  attack*  of 
lorger  thaa  tar  minute*.  It  ahould  ha  aotad  that  71  par  caat  of  tha 
total  aa^agareat*  ware  abora  30.0CO  feat.  Ia  general,  tha  attack* 
wara  at  aa  eagle -off  of  laaa  thaa  1C*  with  beak  aaglea  of  -30*  to 
+30*. 


The  type*  of  phenomena  iatoclated  with  kill*  oa  th«  KIC-13,  ac¬ 
cord  lag  to  aaalytia  of  combat  film,  war*  claadflad  aa  followa: 

Smoke  puff 

Sarlaa  of  amok*  puff* 

Flam* 

Exploaioa 

Suataiaad  amok* 

Dabria 

Frrm  combat  film  of  oaa-hlt  attack*  (attack*  la  which  a  hit 
reglatara  oa  film  aa  a  alagle  bright  flaih  dua,  according  to  tha 
laatltuta  for  Air  Veapoaa  Reeaarch,  to  tha  laceadlary  or  explosive 
conteat  of  tha  round)  approximately  one-half  evidenced  aom*  burniag 
phenomena.  Thl*  doe*  act,  however,  exclude  tha  pocalblllty  that 
other  round*  nay  have  hit  tha  target  aircraft  that  did  mot  rsglatar 
oa  the  film  dua  to  round  type  (a  pur*  armor -piercing  round  will  mot 
-#gi*ter  oa  film)  or  peculiar  placement  of  tha  hit  wlthla  the  air¬ 
plane  ltaelf. 

Of  algnlf lcaace ,  however,  la  the  aforementioned  fact  that  for 
the  oaa-hlt  kill*,  fire  phexoaxina  wea  modeled  with  the  kill  la 
one -half  the  caiea.  From  Iheae  data  aad  from  the  altitude  data 
preeealed  earlier,  It  ia  certain  that  lire*  ware  eaaoclated  with 
kiila  at  coiebat  altitude*  of  over  30  X)0  feet.  In  two  laataacea 
Supplementary  Conbat  Information  Report*  completed  by  pilot*  aftar 
er.gaging  tho  eaemy,  together  with  corroborative  film  data,  indi¬ 
cated  that  euttalned  fir*  phenomena  and  explode*  had  taken  placa 
at  altitude*  a*  high  a*  41,000  and  42,000  feet  la  aerial  combat 
la  the  Korean  conflict.  (Specifically,  on*  U.  S.  Air  Forca  pilot 
•tated  ia  the  SC'fR  that  hi*  of  field  kill  of  a  MIC  took  place  at 
approxiirately  42,000  feet.  The  evideice  of  thin  fire  phenomenon 
wt*  recorded  os  film  record  of  thie  particular  coibat  experience, 

*•  vaa  tha  euatalxed  fire  kill  of  a  MIC  at  a  reported  altitude  of 
>1,000  feet  by  another  USAF  pilot.)  The  caliber  .50  amrouniticmi 
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belting  for  the  H3  gua  a  la  both  Instance*  was  typical,  via.,  45  par 
ceat  M8  API,  26  par  ceat  Ml  iaceadlary,  19  per  cent  M21  tracer,  and 
10  par  ceat  M20  AP1T. 

It  la  to  ba  acted  that  auch  corroborative  evideace  was  extremely 
rare  ia  the  analysis  of  Korean  combat  atatiatlcs  as  coaducted  by  the 
Institute  of  Air  Weapons  Research,  however,  of  algalflcaac*  la  »atl- 
nat lag  the  highest  altitude  at  which  KIG  kills  were  recorded  Is  the 
graphic  represnatat ioa  of  the  average  r-86  air-to-air  conbat  mlatlon 
(figure  7}  ae  determined  ia  the  analysis  of  conbat  flight  data  col¬ 
lected  oa  various  Jet  fighter  aircraft  during  the  Korean  operations. 
This  information  is  included  ia  Wright  Air  Development  Center  Report 
TM-53-12,  "Maneuver  Load  Data  f rom  Jet-fighter  Coubat  Operations." 

(U)  Ha y  1935,  by  frank  t.  Cray.  The  Major  portion  of  the  data  for 
this  report  «raa  recorded  by  the  U.  S.  Air  force  flight  analyser,  an 
instrument  capable  of  recording  aorul  accaleratloa,  air  apacd,  pres¬ 
sure  altitude,  aad  tine  scale. 

Of  interest  ia  the  aeries  of  photographic  frames  (figure  8) 
selected  from  the  conbat  gua  camera  flln  records,  corresponding  to 
the  flight  analyzer  record  shown  in  figure  9.  These  frames  from 
the  gua  camera  film  show  the  destruction  of  a  MIG-15  nccrsdlttid  to 
F-8 6f  Mo.  52-4377  on  27  March  1953.  Altitudes  at  time  of  firing 
bursts  in  this  particular  eegngemeat  were  approximately  40,000, 

32,000,  end  2^,000  feet  with  the  strong  possibility  of  sustained 
fire  from  the  initial  burst  at  40,000  feet. 


Summary 

Aerial  combat  data  obtained  from  the  Korean  conflict  confirm 
results  from  World  Wsr  II  statistics,  pointing  to  the  vulnarablllty 
of  aircraft  to  incendiary  ammunition  at  high  altlrude. 

Conclusive  etatemssts  raiatlva  to  tha  specific  type  of  ascunl- 
tloa  effective  in  producing  an  official  kill  of  a  KIG  aircraft  era 
indeed  impossible  from  film  data  available.  However,  the  fact  that 
81  per  cent  of  the  caliber  ,5C  nmunltion  used  in  the  Korean  con¬ 
flict  war  of  incendiary  type  Indicates  that  a  majority  of  the  kills 
with  covrcbative  film  evidence  of  fire  phenomena  was  due  to  incen¬ 
diary  antr-m  it  ion .  A  hit  due  to  ■  round  which  contains  no  incendiary 
or  explosive  filler,  auch  aa  a  pure  armor -piercing  round,  did  not 
register  oa  film. 
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Indication*  are  that  MIC  kill.,  with  avide.ce  ncco-pa.yl.,  of 
fire  phe noeeaa ,  were  accompilihed  In  the  altitude  rang*  of  30  000 
to  40,000  feet;  however,  there  are  at  leaat  two  la.ta.ce.  of  kill, 
at  altitude,  of  41,000  and  43.000  f.et,  ra.pactlvaly,  recorded  o. 
cowhat  film  ud  corroborated  by  the  SCI*,  of  the  two  pllota. 


C0WCL0S10NS 


B-17  a ad  F6F  drone  firing  ttitn  .how  that  It  1.  po..lble  to 
.u.tal.  a  de.tructlve  fuel  fir.  with  caliber  .50  M23  lacendl.rV  a. 
nunl t ion  at  an  altitude  of  34.500  f.et  uader  aultlpl.-.hot  co.dl- 
tioa.  Subsequent  aerial  tr.Pe*.  target  firl.g  teet.  et  Egll.  Air 
Force  Ba.e  .how  ab.ence  of  au.talaad  fir.  at  24,980  feet  with 
Ue.tical  asuuaitlon.  The  difference.  1-  Ignition  ..pear  to  b.  . 
function  ot  target  conf lguratloa  and  air  .peed  rather  than  awainl- 
tloa  type. 

The  B-17  and  F6F  drone  flrlag  te.ta  «ee>  far  a,r.  re.ll.tlc 

tha.  th.  trapeze  te.t.  and  repre.eat  tru.  co-bat  condition,  to  a 
far  greater  degree. 


Analyel.  0f  Eglia  Air  Force  Ba.e  result,  .how.  that  Incen¬ 
diary  aew.uultlo.  co.tai.lng  zlrco.iu*  ha.  a  con^.te.t  altitude 
ignition  advantage  over  lnc.adl.ry  a«u«itloa  without  zirconium. 

la  .pit.  of  the  wny  variable,  iahere.t  1.  the  .inflated  fir¬ 
ing  te.t.  *nd  rha  uncertainty  of  de.fi.u.  altitude  lnfom.tlo«  1. 

11^'°!  !  **rUl  C°^4t  r8COrd<-  *u.taiaed  '  although 

ted  la  number,  have  been  produced  et  approximately  42.000  faat, 

.  f.U  1 *  CORcludcd  th«t  th.  —ajorlty  of  kill,  with  film  evida.c. 
ot  fire  phenomena  waa  due  to  incendiary  type  srssualtioa. 
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I*  futura  urU,  <irlM  t..ta  at  Eglia  lir  Tore  !i..,  th*  fol- 

IZV”"  !‘CrUr7  “ai>itio*  ,bould  »>•  *•«*•*  U  coajuactioa 
vith  th«  k«v  futl  c*ll  target  (FJg^ra  5); 


1.  20  a  (HZI)  M56  rouad  with  airvoaiu*  1*  th*  heal  of  th* 

pro J*c til*. 


rouad. 


2.  20  m  SID  Structural  tad  iac/adUry  dia,.)  *xp«ri**at*l 


,,  ?*llb*r  *5°  r0U*d  co*tal,,1»«  l*c*adiary  coapo.ltioa  a.d 

liquid  halogaa  fluorid*. 


4.  20  m  rewad  coataiaiag  liquid  halofc.a  fluorid*. 


^CCeO*HDATIOR 


la  v lew  of  the  evident  auperiorlty  of  iaceadiary  oroaitloa 
contalalag  ilrcoalui.,  ■  aora  wideapraad  u««  of  tircoaiua  i*  *t*ad*rd 
iaceadlary  coicpoaitloHa  i*  recotweaded,  «uch  «*  the  po*«ibl*  i*- 

corporat  loa  of  thi.  type  ctwpoaitioa  ia  aay  aultipurposa  rouad  d*- 
velopweat. 


30 

SECRET 


— >  Li _ _ 


I- 


,  '  *■  'w.'WI' 
A 


•  A 


rt  '■*  w  »  «»•  \ 


SECRET 


BIBLIOGRAPHY 


1.  "Record  of  Ana/  Ordnance  Research  and  Development,11  Vol.  2, 
Book  2,  Office  Chief  of  Ordnance,  Jan  1946  (Confidential). 


2.  "Evaluation  cf  Incendiary  Aimunlt ion  at  High  Altitudes  and 
Low  Temperature* ,"  AFAC,  Egll*  Air  Force  Base,  Florida,  Nov 
1953  (Conf ldeatial) . 


3.  "Evaluation  of  Incendiary  /jmu*ltJ.on  at  H  .gh  Altitudes,"  AFAC, 
Eglln  Air  Force  Base,  Florida,  Jul  1954  (Confidential). 


4.  "Effect  of  Incendiary  Annwnltlon  on  Aircraft  Fuels  at  Hl*h 
Altitudes,  Test  ani  Evaluation  of,"  USNAO  Teat  Station, 
Chincoteague,  Va.,  17  Aug  1950  (Confidential). 


5.  "Test  of  Incendiary  Anuunition  at  High  Altitude,"  AFAC,  Eglln 
Air  Force  Baas,  Florida,  Apr  1955  (Confidential). 


6.  "Engineering  Teat  of  Effectiveness  of  Iscennlary  Ammunition 
at  High  Altitude,"  Air  Proving  Cround  Arnaneat  Teat  Dlvlaloa, 
Eglln  Air  force  Base,  Florida,  5  Dec  1551  (Secret). 


7.  "F-86  v.s  KIG-15,  A  Digest  of  che  Briefing  on  the  Aca'/sla  of 

the  Korean  Air  War,"  Institute  for  Air  Weapons  Research,  Uni¬ 
versity  of  Chicago,  Chicago,  III.,  19  Hay  1954  (Secret). 


8,  "A  Briefing  On  the  Analysis  of  the  Air-to-Alr  War  in  Korea,” 
IAWR,  University  of  Chicago,  Chicago,  Ill.,  (Secret). 


10.  "Maneuver  Load  Data  From  J»t  Fighter  Combat  Operations,"  Frank 
P.  Gray,  Wright  Air  Development  Center,  Wright -Patterson  Air 
Force  Base,  Ohio,  hay  1955  (Confidential). 


SCCRE  r 


9.  "An  Analysis  of  KIG  Vulnerability  Based  on  Korean  Combat  Fllsi," 
IAWR,  Unlveralty  of  Chicago,  Chicago,  Ill.,  Oct  1954 
(Confidential) . 


m 


-  A-.- 


' *  ■*’*•  -**’1  **•*. —A* m> f v  *!».•  i  .  4Ui »)bUH *y  ■  '•--vf  n.r -  ■* 


SECRET 


Distribution 


1  -  Chief  of  Ordnance 
Department  Amy 
Washington  25,  D.  C. 

Atta:  0RD7S 

F.  Carets 

1  -  Cooaand lag  Officer 
Springfield  Armory 
Springfield  1,  Ktae. 

Atta:  Eag  Dept 

1  -  Comuandlng  Geaaral 
Plcntlnay  Araeaai 
Dover,  Hew  Jersey 
Atta:  Tech  Croup 

1  -  Conaamdlng  Officer 
Rock  Island  Areeaal 
Rock  Island,  Illluoln 
Atta:  Laboratory 

1  -  Commanding  Officer 
Wc.tertcn  Areeaal 
Vstertova  72,  Mace. 

Attn:  Tech  Group 

1  -  Covtoandlag  General 

Ordnance  Amninltlon  Conauad 
Joliet,  Illlaole 
Atta:  Col  E.  torching 

1  -  Cowirader 

Air  Rjrce  Arnuneit  Caster 
Egll*  Air  force  Beat 
Florida 

Atta:  G.  Cuatafeoa 


1  -  Commanding  Officer 
lake  City  Araeaai 
Independence ,  Mo. 

Atta:  H.  Illae 

1  -  Chief 

Bureau  of  Ordnance 
Department  of  tha  levy 
Washington  25,  D.  C. 

Atta:  Dr.  J.  P.  Wlntarmoyar 
Re2A 

1  -  Cornu  ^  ding  Geaaral 

Abert  ea  Proving  Ground 
Maryland 

Atta:  Ball  Rea  Lab 
H.  Smith 

1  -  Atta:  P  &  PS 

H.  Hobln 

1  -  Atta:  Tech  Info  Br,  bldg  313 

5  -  Armed  Services  Technical 
Information  Agency 
Document  Service  Canter 
Knott  Building 
Dayton  2,  Ohio 
Atta:  TICSCP-2 
(Coda  2) 

l  -  Cot»iindi*p  Officer 

Diamond  Ord&enca  Fure  Laboratorlaa 
Washington  25,  D.  C. 

Attn:  Tech  Re/  Section 


€> 

SECRET 


